ABSTRACT
For the conveyance and storage of natural gas, compressor stations are required where the installed power output varies mostly between 1 MW and 20 MW.
The noise control measures involved to meet the environmental noise immission regulations in Europe will be presented.
The most economical methods of noise control techniques are described particularly for the intake system and the exhaust system of gas turbines, the housing of such engines and for peripheral sound sources like gas coolers, oil coolers and the above ground piping.
DESCRIPTION OF ACTUAL SITUATION
For natural gas distribution, basically two types of compressor stations are required: the compressor station for conveyance of gas and that for underground storage.
In the majority of cases, gas turbines are used as drive unit, with the aid of which the actual compressor (rotary compressor) is powered. A typical pressure relationship between the intake and discharge sides of the compressor is 40/60 bar. However, for the MEGAL pipeline the relationship is approx. 60/80 bar.
For the storage of natural gas in natural underground reservoirs or artificially created caverns a pressure of approx. 180 to 220 bar is necessary. To generate such a high pressure, piston compressors are required. As drive unit for the piston compressors, lowspeed gas engines are used.
These two different drive systems have had a decisive influence on noise control techniques, as gas engines and piston compressors emit sound primarily in the middle frequency ranges, whereas gas turbines and centrifugal compressors produce their maximum sound emission in the high frequency range (see Fig. 1 ).
For the sound insulation of the engine houses two types of building construction are now favoured: the solid concrete type and the prefabricated lightweight approach. Both types of engine houses provide enough space to allow maintenance work to be carried out inside the building, thus affording protection against inclement weather ( Fig. 2 and Fig. 3 ). The solid mode of construction is preferred when a high degree of sound insulation is required in the low frequency range (e.g. for gas engines). Here, approx. 17.5 to 24 cm thick walls composed of sand-lime brickwork, or approx. 18 cm thick concrete walls with an airborne sound insulation index of > 55 dB are used. Equivalent to the solid construction a. prefabricated modular doubleshell lightweight construction with a TL i 50 dB can be chosen. If a lightweight mode of construction is sufficient, sheet steel panels with sound absorption material on the inside are used. The insertion loss of such a structure can vary between 30 dB and 40 dB.
The requirement of 40 dB(A), frequently set by authorities in the Federal Republic of Germany as a reference value of nighttime immission at the site of the nearest adjacent property (with a typical distance between compressor station and point of immission of 400 m), can only be realized if all sound sources are optimally balanced against each other. To achieve this the issue of a proper sound level balance in the planning stage of the station is indispensable (Fig. 4) .
The economy of the noise control measures is then given if all peripheral sound sources, such as engine coolers, natural gas coolers and the piping -which must all necessarily be located in the open -are designed in such a way that standard products can be used as far as possible (Fig. 5) . The high sound power (see Fig. 6 ) which is generated by an untreated gas turbine or gas engine on the exhaust side or air-intake side must be reduced by means of silencers. Admittedly, it is technically possible to achieve extraordinarily high sound attenuation by incorporating appropriate equipment design features, but this involves substantial pressure losses, which adversely affect performance characteristics and lead to increased fuel costs. This results in a necessary insertion loss for the turbine silencers of approx. 45 to 55 dB for the exhaust and intake side.
This means that silencer lengths of 3 to 4 in are necessary on the intake side and 5 to 6 in on the exhaust side, at which dimensions the flow velocity at the silencer outlet may amount to approx. 30 m/s. In the intake silencer, values of about 20 m/s are sensible. The pressure loss for such silencers amounts to approx. 200 to 300 Pa.
As far as a forecast of the immission values at a point situated approx. 400 m away is concerned, this means that the sound power of the previously-mentioned emitters (e.g. air coolers, gas coolers, above-ground piping and silencer openings with 90 rasp. 85 dB (A)) is to be regarded as given, and to calculate the overall level one must concentrate on the remaining emitters. These are, however, only the machine houses with their sound-insulated structural components: walls, roof, doors and ventilation openings.
Finally, reference is made to the following statement of overall sound power, worked out for a typical compressor station. The statement was prepared in accordance with the VDI-regulation 2714. The station comprises, in its present state of development, two compressor units, each of 20 MW, and is designed for an extension up to four operational engines and one reserve unit.
